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(57) ABSTRACT 

An illumination optical apparatus has a beam splitting 
member which splits an incident beam into a first light beam 
and a second light beam to form a first illumination region 
and a second illumination region, a first light-guide optical 
system which guides the first light beam to the first illumi 
nation region, and a second light-guide optical system which 
guides the second light beam to the second illumination 
region locate apart from the first illumination region. 

  



Patent Application Publication Nov. 8, 2007 Sheet 1 of 27 US 2007/0258077 A1 

- A 
A. > 

40 
P as a 

slip 
o 

s 



Patent Application Publication Nov. 8, 2007 Sheet 2 of 27 US 2007/0258077 A1 

Fig.2 

%22%22% 

%2%% 
%L%L2% 
2%%% 
Z2%2%2% %22% %22%2 

22%2% 2 22.1% 

    

  

    

    

  

  

  

  

  

  

  

  

  



US 2007/0258077 A1 Patent Application Publication Nov. 8, 2007 Sheet 3 of 27 

7a. 

7b. 

  

  

  



Patent Application Publication Nov. 8, 2007 Sheet 4 of 27 US 2007/0258077 A1 

Fig.4 

22.2%% (a) 

Žiž 
2 

2 

(b) 2, 2 2 2 

  

  

    

  

  

  

  

    

  

    

  

    

  

  

  



Patent Application Publication Nov. 8, 2007 Sheet 5 of 27 US 2007/0258077 A1 

Fig.5 
  



ent Application Publication Nov. 8, 2007 Sheet 6 of 27 

  



Patent Application Publication Nov. 8, 2007 Sheet 7 of 27 

Fig. 7 

2% 2 22 22 2 
% 
2. 

US 2007/0258077 A1 

  

    

    

    

    

  

    

    

  

  

  

  

  

  



Patent Application Publication Nov. 8, 2007 Sheet 8 of 27 US 2007/0258077 A1 

Fig.8 21a 

(a) 

  

  

    

    

    

  

    

  

  

  

  

  

  

  

    

  

  

    

    

  





Patent Application Publication Nov. 8, 2007 Sheet 10 of 27 US 2007/0258077 A1 

  





Patent Application Publication Nov. 8, 2007 Sheet 12 of 27 US 2007/0258077 A1 
  





US 2007/0258077 A1 Patent Application Publication Nov. 8, 2007 Sheet 14 of 27 

Fig.14 
16a 

17a. 

16a 

17a. ÑNSSSSS)Ñ<) | ` | | ` | | 

3 

17b 

16b 

2 

  

  

  



Patent Application Publication Nov. 8, 2007 Sheet 15 of 27 US 2007/0258077 A1 

Fig.15 
a r is 

- - - - - - 
Y 

sa e 

- - - - r 

2 Z. 

X Y 

(b) 

  

  

  

  





Patent Application Publication Nov. 8, 2007 Sheet 17 of 27 US 2007/0258077 A1 

e 

“- > 

E- s 
-- X 

s |- 



Patent Application Publication Nov. 8, 2007 Sheet 18 of 27 US 2007/0258077 A1 

X 

  



US 2007/0258077 A1 

61 "bl-I 

Patent Application Publication Nov. 8, 2007 Sheet 19 of 27 
  



US 2007/0258077 A1 

r 

O 
N/ 

Patent Application Publication Nov. 8, 2007 Sheet 20 of 27 
  



Patent Application Publication Nov. 8, 2007 Sheet 21 of 27 US 2007/0258077 A1 

N 

9 - || 

s X 

  



US 2007/0258077 A1 

ZZ'61-I 

Patent Application Publication Nov. 8, 2007 Sheet 22 of 27 

N 

  



US 2007/0258077 A1 Nov. 8, 2007 Sheet 23 of 27 Patent Application Publication 



US 2007/0258077 A1 Patent Application Publication Nov. 8, 2007 Sheet 24 of 27 



Patent Application Publication Nov. 8, 2007 Sheet 25 of 27 US 2007/0258077 A1 

Fig.25 

6 y 
PL 



Patent Application Publication Nov. 8, 2007 Sheet 26 of 27 US 2007/0258077 A1 

Fig.26 

DEPOSIT METAL FILM ON WAFER STEP 301 

APPLY PHOTORESIST ONTO THE METAL FILM 

STEP 302 

TRANSFERMAGES OF PATTERNS ON RETICLES 
INTO EACH SHOT AREA ON WAFER, 

USING EXPOSURE APPARATUS OF EMBODIMENT 

STEP 303 

PERFORM DEVELOPMENT OF 
PHOTORESIST ON WAFER 

STEP 304 

PERFORMETCHING ON WAFER, 
USNGRESST PATTERNAS MASK STEP 305 

NEXT STEP 

    

  



Patent Application Publication Nov. 8, 2007 Sheet 27 of 27 US 2007/0258077 A1 

Fig.27 

START 

PATTERN FORMING 
STEP STEP 401 

COLOR FILTER FORMING STEP STEP 402 

CELLASSEMBLY STEP STEP 403 

MODULE ASSEMBLY STEP STEP 404 



US 2007/0258077 A1 

ILLUMINATION OPTICAL APPARATUS, 
EXPOSURE APPARATUS, AND DEVICE 

MANUFACTURING METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is based upon and claims the 
benefit of priorities from Japanese Patent Application No. 
2006-112883 filed on Apr. 17, 2006, and U.S. Provisional 
Application No. 60/897874 filed on Jan. 29, 2007, the entire 
contents of which are incorporated herein by reference. 

BACKGROUND 

0002) 1. Field 
0003. An example of the present invention relates to an 
illumination optical apparatus, an exposure apparatus, and a 
device manufacturing method and, particularly, to an illu 
mination optical apparatus Suitably applicable to exposure 
apparatus for manufacturing devices such as semiconductor 
devices, image pickup devices, liquid-crystal display 
devices, and thin-film magnetic heads by lithography. 

0004 2. Description of the Related Art 

0005 The photolithography step for manufacturing the 
semiconductor devices and others is carried out using an 
exposure apparatus for projecting a pattern image of a mask 
(or reticle) through a projection optical system onto a 
photosensitive Substrate (wafer or glass plate coated with a 
photoresist, or the like) to effect exposure thereof. The 
ordinary exposure apparatus forms a type of pattern in one 
shot area (unit exposure region) on the photosensitive Sub 
Strate. 

0006. In contrast to it, Japanese Patent Application Laid 
open No. 2000-21748 proposes a double exposure method 
of doubly printing two types of patterns in one shot area on 
the photosensitive Substrate to form a synthetic pattern. 

SUMMARY 

0007 An example of the present invention shows an 
illumination optical apparatus having a simple configuration 
and compact form and being capable of individually illu 
minating two regions spaced from each other. Another 
example of the present invention shows an exposure appa 
ratus capable of implementing high-throughput exposure of 
a fine pattern on a photosensitive substrate by the double 
exposure method, using the illumination optical apparatus 
for individually illuminating two regions spaced from each 
other. 

0008 For purposes of summarizing the invention, certain 
aspects, advantages, and novel features of the invention have 
been described herein. It is to be understood that not 
necessarily all Such advantages may be achieved in accor 
dance with any particular embodiment of the invention. 
Thus, the invention may be embodied or carried out in a 
manner that achieves or optimizes one advantage or group of 
advantages as taught herein without necessary achieving 
other advantages as may be taught or Suggested herein. 
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0009. An embodiment of the present invention provides 
an illumination optical apparatus comprising: 

0010 a beam splitting member located at a position of an 
illumination pupil or at a position near the illumination 
pupil, and arranged for splitting an incident beam into a first 
light beam and a second light beam to form a first illumi 
nation region and a second illumination region; 
0011 a first light-guide optical system which guides the 

first light beam to the first illumination region; and 
0012 a second light-guide optical system which guides 
the second light beam to the second illumination region 
located apart from the first illumination region. 
0013 Another embodiment of the present invention pro 
vides an illumination optical apparatus comprising: 

0014 a beam splitting member which splits an incident 
beam into a first light beam and a second light beam to form 
a first illumination region and a second illumination region; 
00.15 a first light-guide optical system which guides the 

first light beam to the first illumination region; 
0016 a second light-guide optical system which guides 
the second light beam to the second illumination region 
located apart from the first illumination region; and 
0017 a common optical system which guides light from 
a light source to the beam splitting member, 
0018 wherein the common optical system has varying 
means which varies a first illumination condition in the first 
illumination region and a second illumination condition in 
the second illumination region. 

0019. Still another embodiment of the present invention 
provides an illumination optical apparatus comprising: 

0020 a beam splitting member which splits an incident 
beam into a first light beam and a second light beam to form 
a first illumination region and a second illumination region; 
0021 a first light-guide optical system which guides the 

first light beam to the first illumination region; 
0022 a second light-guide optical system which guides 
the second light beam to the second illumination region 
located apart from the first illumination region; and 

0023 a setting member located in an optical path 
between a light Source and the beam splitting member and 
arranged for setting each of a first illumination condition in 
the first illumination region and a second illumination con 
dition in the second illumination region. 

0024. Still another embodiment of the present invention 
provides an exposure apparatus comprising the illumination 
optical apparatus of any one of the foregoing embodiments, 
the exposure apparatus being arranged to effect exposure of 
predetermined patterns illuminated by the illumination opti 
cal apparatus, on a photosensitive Substrate. 

0025 Still another embodiment of the present invention 
provides a device manufacturing method comprising: 

0026 an exposure step of using the exposure apparatus of 
the above embodiment to effect exposure of the predeter 
mined patterns on the photosensitive Substrate; and 
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0027 a development step of effecting development of the 
photosensitive Substrate after the exposure step. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0028. A general architecture that implements the various 
features of the invention will now be described with refer 
ence to the drawings. The drawings and the associated 
descriptions are provided to illustrate embodiments of the 
invention and not to limit the scope of the invention. 
0029 FIG. 1 is a drawing schematically showing a con 
figuration of an exposure apparatus according to a first 
embodiment of the present invention. 
0030 FIG. 2 is a drawing of a beam splitting member 
viewed along the optical axis from a condenser optical 
system in the first embodiment. 
0031 FIG. 3 is a partial sectional view along line III-III 
in FIG. 2. 

0032 FIG. 4 is a drawing schematically showing a light 
intensity distribution of a circular shape formed on the 
illumination pupil by first light beams having passed through 
first folding members, and a light intensity distribution of a 
circular shape formed on the illumination pupil by second 
light beams having passed through second folding members 
(region (a) Schematically shows the circular light intensity 
distribution formed on the illumination pupil by the first 
light beams having passed through the first folding mem 
bers, and region (b) the circular light intensity distribution 
formed on the illumination pupil by the second light beams 
having passed through the second folding members). 

0033 FIG. 5 is a drawing showing a first illumination 
region of a rectangular shape formed on a first mask, a 
second illumination region of a rectangular shape formed on 
a second mask, and, a pattern image of the first mask 
illuminated by the first illumination region and a pattern 
image of the second mask illuminated by the second illu 
mination region (region (a) shows the rectangular first 
illumination region formed on the first mask, region (b) the 
rectangular second illumination region formed on the second 
mask, and region (c) the pattern image of the first mask 
illuminated by the first illumination region and the pattern 
image of the second mask illuminated by the second illu 
mination region). 

0034 FIG. 6 is a drawing showing a state in which the 
circular light intensity distribution formed on the illumina 
tion pupil by the first light beams or the second light beams 
is set in a circumferential polarization state. 
0035 FIG. 7 is a drawing schematically showing a con 
figuration of a beam splitting member according to a modi 
fication example of the first embodiment. 
0.036 FIG. 8 is a drawing schematically showing a light 
intensity distribution of an annular shape formed on the 
illumination pupil by the first light beams having passed 
through first folding members, and a light intensity distri 
bution of a circular shape formed on the illumination pupil 
by the second light beams having passed through second 
folding members (region (a) Schematically shows the annu 
lar light intensity distribution formed on the illumination 
pupil by the first light beams having passed through the first 
folding members, and region (b) the circular light intensity 
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distribution formed on the illumination pupil by the second 
light beams having passed through the second folding mem 
bers). 
0037 FIG. 9 is a drawing showing a polarization state of 
the annular light intensity distribution formed on the illu 
mination pupil by the first light beams, and a polarization 
state of the circular light intensity distribution formed on the 
illumination pupil by the second light beams (region (a) 
shows the polarization state of the annular light intensity 
distribution formed on the illumination pupil by the first 
light beams, and region (b) the polarization state of the 
circular light intensity distribution formed on the illumina 
tion pupil by the second light beams). 
0038 FIG. 10 is a drawing schematically showing a 
configuration of an exposure apparatus according to a modi 
fication example of the first embodiment. 
0039 FIG. 11 is a drawing showing two rectangular 
illumination regions formed on a mask in the modification 
example of the first embodiment. 
0040 FIG. 12 is a drawing schematically showing a 
configuration of an exposure apparatus according to a sec 
ond embodiment of the present invention. 
0041 FIG. 13 is a drawing of a beam splitting member 
viewed along the optical axis from the exit side of an 
imaging optical system in the second embodiment. 

0.042 FIG. 14 is a partial sectional view along line 
XIVa-XIVa and a partial sectional view along lines XIVb 
XIVb in FIG. 13. 

0043 FIG. 15 is a drawing showing a light intensity 
distribution of a Z-directionally dipolar shape formed on the 
illumination pupil by the first light beams and a light 
intensity distribution of an X-directionally dipolar shape 
formed on the illumination pupil by the second light beams 
(region (a) shows the Z-directionally dipolar light intensity 
distribution formed on the illumination pupil by the first 
light beams, and region (b) the X-directionally dipolar light 
intensity distribution formed on the illumination pupil by the 
second light beams). 
0044 FIG. 16 is a drawing schematically showing a 
configuration of a beam splitting member and a polarization 
varying member according to a modification example of the 
second embodiment. 

0045 FIG. 17 is a drawing schematically showing a 
configuration of an exposure apparatus according to a modi 
fication example of the second embodiment. 
0046 FIG. 18 is a drawing showing a state of a configu 
ration of a beam shape varying member 4. 
0047 FIG. 19 is a drawing showing a configuration of a 
diffractive optical element 41, a light intensity distribution 
formed on the illumination pupil by a first diffraction region 
41A of the diffractive optical element 41, and a light 
intensity distribution formed on the illumination pupil by a 
second diffraction region 41B of the diffractive optical 
element 41 (region (a) shows the configuration of the 
diffractive optical element 41, region (b) the light intensity 
distribution formed on the illumination pupil by the first 
diffraction region 41A of the diffractive optical element 41, 
and region (c) the light intensity distribution formed on the 
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illumination pupil by the second diffraction region 41B of 
the diffractive optical element 41). 
0.048 FIG. 20 is a drawing showing a configuration of a 
diffractive optical element 141, a light intensity distribution 
formed on the illumination pupil by a first diffraction region 
141A of the diffractive optical element 141, and a light 
intensity distribution formed on the illumination pupil by a 
second diffraction region 141B of the diffractive optical 
element 141 (region (a) shows the configuration of the 
diffractive optical element 141, region (b) the light intensity 
distribution formed on the illumination pupil by the first 
diffraction region 141A of the diffractive optical element 
141, and region (c) the light intensity distribution formed on 
the illumination pupil by the second diffraction region 141B 
of the diffractive optical element 141). 
0049 FIG. 21 is a drawing showing a state of a configu 
ration of a beam shape varying member 4 according to a 
modification example. 
0050 FIG. 22 is a drawing showing a configuration of a 
diffractive optical element 41 and a polarization varying 
member 43, a light intensity distribution formed on the 
illumination pupil by a first diffraction region 41A of the 
diffractive optical element 41, and a light intensity distribu 
tion formed on the illumination pupil by a second diffraction 
region 41B of the diffractive optical element 41 (region (a) 
shows the configuration of the diffractive optical element 41 
and the polarization varying member 43, region (b) the light 
intensity distribution formed on the illumination pupil by the 
first diffraction region 41A of the diffractive optical element 
41, and region (c) the light intensity distribution formed on 
the illumination pupil by the second diffraction region 41B 
of the diffractive optical element 41). 
0051 FIG. 23 is a drawing schematically showing a 
configuration pf a double-headed projection optical system 
consisting of refracting systems and folding mirrors. 
0.052 FIG. 24 is a drawing schematically showing a 
configuration of a catadioptric and double-headed projection 
optical system. 
0053 FIG. 25 is a drawing schematically showing a 
configuration of a double-headed projection optical system 
using a beam splitter. 
0054 FIG. 26 is a flowchart of a technique of manufac 
turing semiconductor devices as micro devices. 
0055 FIG. 27 is a flowchart of a technique of manufac 
turing a liquid-crystal display device as a micro device. 

DETAILED DESCRIPTION 

0056 Embodiments of the present invention will be 
described on the basis of the accompanying drawings. FIG. 
1 is a drawing schematically showing a configuration of an 
exposure apparatus according to the first embodiment of the 
present invention. In FIG. 1, the Z-axis is set along a 
direction of a normal to a wafer W being a photosensitive 
Substrate, the Y-axis along a direction parallel to the page of 
FIG. 1 in the surface of the wafer W. and the X-axis along 
the direction perpendicular to the page of FIG. 1 in the 
surface of the wafer W. With reference to FIG. 1, the 
exposure apparatus of the first embodiment is provided with 
a light Source 1 for Supplying exposure light (illumination 
light). 
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0057 The light source 1 applicable herein is, for 
example, an ArF excimer laser light source for Supplying 
light having the wavelength of about 193 nm, or a KrF 
excimer laser light source for Supplying light having the 
wavelength of about 248 nm. A nearly parallel beam emitted 
from the light source 1 travels through a beam transmitting 
system 2 having a well-known configuration, to be shaped 
into a beam having a predetermined rectangular cross sec 
tion, and thereafter the beam enters a polarization state 
varying part 3. The beam transmitting system 2 has func 
tions of guiding the incident beam to the polarization state 
varying part 3 while converting it into a beam having a cross 
section of an appropriate size and shape, and actively 
correcting positional variation and angular variation of the 
beam incident to the next-stage polarization state varying 
part 3. 

0058. The polarization state varying part 3 has a function 
of varying a polarization state of the illumination light 
incident to a next-stage fly's eye lens (or micro fly’s eye 
lens) 5. Specifically, the polarization state varying part 3 is 
composed, for example, of the following components in 
order from the light source side: a half wave plate made of 
rock crystal, an angle-deviation prism of rock crystal or 
rock-crystal prism, and an angle-deviation prism of quartz 
glass or quartz prism. Each of the half wave plate, rock 
crystal prism, and quartz prism is arranged to be rotatable 
around the optical axis AX. The rock-crystal prism has a 
depolarizing action and the quartz prism has a function of 
correcting curvature of rays due to the angle-deviation 
action of the rock-crystal prism. 

0059. As the direction of the crystallographic axis of the 
half wave plate and the direction of the crystallographic axis 
of the rock-crystal prism are appropriately set, the polariza 
tion state varying part 3 converts linearly polarized light 
coming from the beam transmitting system 2, into linearly 
polarized light having a different vibration direction, con 
verts the incident linearly polarized light into unpolarized 
light, or outputs the incident linearly polarized light directly 
without conversion. After the polarization state is varied 
according to need by the polarization state varying part 3. 
the beam travels through a beam shape varying part 4 to 
enter the fly’s eye lens 5. 

0060. The beam shape varying part 4 includes, for 
example, a diffractive optical element, a power-varying 
optical system, etc. and has a function of varying the size 
and shape of the illumination field formed on the entrance 
surface of the fly’s eye lens 5 and, therefore, varying the size 
and shape of a Surface illuminant formed on the rear focal 
plane (illumination pupil) of the fly’s eye lens 5. The beam 
incident to the fly’s eye lens 5 is two-dimensionally split by 
a large number of Small lens elements and Small light 
Sources are formed on respective rear focal planes of the 
small lens elements into which the beam is incident. 

0061. In this way, a substantial surface illuminant con 
sisting of a large number of Small light sources is formed on 
the rear focal plane of the fly’s eye lens 5. Beams from the 
fly's eye lens 5 travel through a polarization varying mem 
ber (polarization setting member or polarizing member) 6 
and a beam splitting member 7 located near the exit surface 
of the fly’s eye lens 5, to enter a condenser optical system 
8. The beam splitting member 7 has a function of splitting 
the incident beams into first light beams traveling along a 
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first direction and second light beams traveling along a 
second direction, and its configuration and action will be 
described later. 

0062) The polarization varying member 6 has a function 
of varying a polarization state of at least either one of the 
first light beams (precisely, beams corresponding to the first 
light beams) and the second light beams (precisely, beams 
corresponding to the second light beams), and its configu 
ration and action will be described later. The first light beams 
folded obliquely upward in the drawing and the second light 
beams folded obliquely downward in the drawing through 
the beam splitting member 7 travel through the condenser 
optical system 8 to illuminate a first mask blind 9 in a 
Superimposed manner. An illumination field of a rectangular 
shape according to the shape of each Small lens element 
forming the fly’s eye lens 5 is formed on the first mask blind 
9 as an illumination field stop. 
0063. The second light beams having passed through a 
rectangular aperture (optically transparent portion) of the 
first mask blind 9 travel through an imaging optical system 
10 and via a path-folding reflector 11 to illuminate a second 
mask M2 in a Superimposed manner. On the other hand, the 
first light beams having passed through the rectangular 
aperture of the first mask blind 9 travel through the imaging 
optical system 10 to illuminate a second mask blind 12 in a 
Superimposed manner. An illumination field of a rectangular 
shape according to the shape of each Small lens element 
forming the fly’s eye lens 5 is also formed on the second 
mask blind 12, as on the first mask blind 9. 
0064. The first light beams having passed through a 
rectangular aperture of the second mask blind 12 travel 
through a relay optical system 13 and via a path-folding 
reflector 14 to illuminate a first mask M1 in a superimposed 
manner. The first light beams transmitted by the first mask 
M1 and the second light beams transmitted by the second 
mask M2 travel through a so-called double-headed projec 
tion optical system PL to form a pattern image of the first 
mask M1 and a pattern image of the second mask M2, 
respectively, on a wafer (photosensitive substrate) W. The 
double-headed projection optical system PL is an optical 
system having two effective fields spaced from each other, 
and one effective imaging region. 
0065 FIG. 2 is a drawing of the beam splitting member 
viewed along the optical axis from the condenser optical 
system in the first embodiment. FIG. 3 is a partial sectional 
view along line III-III in FIG. 2. With reference to FIGS. 2 
and 3, the polarization varying member 6 is composed of 
two types of optical rotation members 6a, 6b arranged 
vertically and horizontally and densely so as to correspond 
to the respective small lens elements. 5a (wavefront splitting 
regions) constituting the fly’s eye lens 5. Similarly, the beam 
splitting member 7 is composed of two types of folding 
members 7a, 7b arranged vertically and horizontally and 
densely so as to correspond to the respective Small lens 
elements 5a constituting the fly’s eye lens 5. For clarification 
of the drawing, FIG. 2 is so depicted that the number of 
optical rotation members 6a, 6b and folding members 7a, 7b 
arranged so as to correspond to the respective wavefront 
splitting regions of the fly’s eye lens 5 is smaller than the 
actual number. 

0.066 The optical rotation members 6a, 6b are made of 
rock crystal being an optical material with an optical rota 
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tory power, each of them has a form of a plane-parallel plate 
of a rectangular contour shape, and the crystallographic axis 
thereof is set along the Y-direction. In this case, incident 
linearly polarized light is optically rotated by the optical 
rotatory power of the optical rotation members 6a, 6b and 
the light emerges in a state in which the polarization 
direction is rotated by a predetermined angle around the 
Y-axis. Specifically, the thickness of the first optical rotation 
members 6a indicated by rectangular hatching regions in 
FIG. 2 is so set that when linearly polarized light having the 
polarization direction along the Z-direction is incident 
thereto, they emit linearly polarized light having the polar 
ization direction along a direction resulting from +90° 
rotation of the Z-direction around the Y-axis, i.e., along the 
X-direction. 

0067. On the other hand, the thickness of the second 
optical rotation members 6b indicated by rectangular outline 
regions in FIG. 2 is so set that when linearly polarized light 
having the polarization direction along the Z-direction is 
incident thereto, they emit linearly polarized light having the 
polarization direction along a direction resulting from +180° 
rotation of the Z-direction around the Y-axis, i.e., along the 
Z-direction. In other words, the first optical rotation mem 
bers 6a have a function of converting incident vertically 
polarized light into horizontally polarized light, and the 
second optical rotation members 6b have a function of 
transmitting incident linearly polarized light without any 
change in the polarization state thereof. 

0068. The folding members 7a, 7b are made, for 
example, of quartz, and each of them has a form of a folding 
prism whose contour shape is rectangular and whose sec 
tional shape is wedge-shaped. Specifically, the first folding 
members 7a indicated by rectangular hatching regions in 
FIG. 2 are arranged so as to correspond to the first optical 
rotation members 6a, as shown in FIG. 3, and are configured 
to fold rays incident along the Y-direction, into an obliquely 
upward direction in the drawing. On the other hand, the 
second folding members 7b indicated by rectangular outline 
regions in FIG. 2 are arranged so as to correspond to the 
second optical rotation members 6b and are configured so as 
to fold rays incident along the Y-direction, into an obliquely 
downward direction in the drawing. In the first embodiment, 
as shown in FIG. 2, the first folding members 7a and second 
folding members 7b each are arranged so as to form a 
checkered pattern. 
0069. The following will explain an illustrative case 
where beams of linearly polarized light having a circular 
cross section as indicated by a dashed line in FIG. 2 and 
having the polarization direction along the Z-direction are 
incident from the fly’s eye lens 5 into the polarization 
varying member 6 by virtue of the actions of the polarization 
state varying part 3 and the beam shape varying part 4. In 
this case, the first light beams after converted into the 
X-directional linear polarization State having the polariza 
tion direction along the X-direction through the first optical 
rotation members 6a and folded into the obliquely upward 
direction in FIG. 1 through the first folding members 7a 
form a circular light intensity distribution as schematically 
shown in FIG. 4(a), at or near the pupil of the imaging 
optical system 10, and, therefore, at the position of the pupil 
of the relay optical system 13 or at the position of the 
illumination pupil near it. The beams forming this circular 
light intensity distribution are in the X-directional linear 



US 2007/0258077 A1 

polarization state on the illumination pupil (corresponding to 
the X-directional linear polarization state on the first mask 
M1). 
0070. On the other hand, the second light beams after 
kept in the Z-directional linear polarization state having the 
polarization direction along the Z-direction through the 
second optical rotation members 6b and folded into the 
obliquely downward direction in FIG. 1 through the second 
folding members 7b form a circular light intensity distribu 
tion as schematically shown in FIG. 4(b), at the position of 
the pupil of the imaging optical system 10 or at the position 
of the illumination pupil near it. The beams forming this 
circular light intensity distribution are in the Z-directional 
linear polarization state on the illumination pupil (corre 
sponding to the Y-directional linear polarization state on the 
second mask M2). Rectangular regions 20a hatched in FIG. 
4(a) are light regions corresponding to the beams having 
passed through the first optical rotation members 6a and the 
first folding members 7a, and rectangular regions 20b 
hatched in FIG. 4(b) are light regions corresponding to the 
beams having passed through the second optical rotation 
members 6b and the second folding members 7b. In FIG. 
4(a) and (b), the two-headed arrows indicate the polarization 
directions of light, and the circle indicated by a dashed line 
corresponds to a cross section of the beams incident from the 
fly's eye lens 5 into the polarization varying member 6. 

0071. The first light beams forming the circular light 
intensity distribution on the pupil of the relay optical system 
13 or on the illumination pupil near it form an illumination 
region IR1 of a rectangular shape elongated along the 
X-direction on the first mask M1, as shown in FIG. 5(a). The 
second light beams forming the circular light intensity 
distribution on the pupil of the imaging optical system 10 or 
on the illumination pupil near it form an illumination region 
IR2 of a rectangular shape elongated along the X-direction 
on the second mask M2, as shown in FIG. 5(b). As indicated 
by the two-headed arrows in FIG. 5(a) and (b), the beams 
forming the first illumination region IR1 are in the X-direc 
tional linear polarization state, and the beams forming the 
second illumination region IR2 are in the Y-directional linear 
polarization state. 

0072 Namely, in a pattern region PA1 of the first mask 
M1, a pattern corresponding to the first illumination region 
IR1 is circularly illuminated by the light in the X-directional 
linear polarization state. In a pattern region PA2 of the 
second mask M2, a pattern corresponding to the second 
illumination region IR2 is circularly illuminated by the light 
in the Y-directional linear polarization state. In this manner, 
as shown in FIG. 5(c), a pattern image of the first mask M1 
illuminated by the first illumination region IR1 is formed in 
a first region ER1 of a rectangular shape elongated along the 
X-direction in an effective imaging region ER of the pro 
jection optical system PL, and a pattern image of the second 
mask M2 illuminated by the second illumination region IR2 
is formed in a second region ER2 having a rectangular 
contour shape elongated similarly along the X-direction in 
the effective imaging region ER, and located in parallel in 
the Y-direction to the first region ER1. 

0073. In the first embodiment, while the first mask M1, 
second mask M2, and wafer W are synchronously moved 
along the Y-direction relative to the projection optical sys 
tem. PL, double scanning exposure of the pattern of the first 
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mask M1 and the pattern of the second mask M2 is imple 
mented in one shot area on the wafer W to form a synthetic 
pattern. The above-described double scanning exposure is 
repeated with two-dimensional step movement of the wafer 
W along the XY plane relative to the projection optical 
system PL, whereby synthetic patterns of the pattern of the 
first mask M1 and the pattern of the second mask M2 are 
sequentially formed in respective shot areas on the wafer 

0074. In the first embodiment, as described above, the 
incident beams from the fly’s eye lens 5 are split into the first 
light beams traveling along the obliquely upward direction 
(first direction) in FIG. 1 and the second light beams 
traveling along the obliquely downward direction (second 
direction) in FIG. 1 by the action of the beam splitting 
member 7 located near the exit surface of the fly’s eye lens 
5 (i.e., on or near the illumination pupil). The first light 
beams separated through the beam splitting member 7 are 
guided through a first light-guide optical system consisting 
of the condenser optical system 8, imaging optical system 
10, and relay optical system 13, to the first illumination 
region IR1. 

0075. On the other hand, the second light beams sepa 
rated through the beam splitting member 7 are guided 
through a second light-guide optical system consisting of the 
condenser optical system 8 and the imaging optical system 
10, to the second illumination region IR2 located apart from 
the first illumination region IR1. Namely, the first light 
beams and the second light beams immediately after passage 
through the beam splitting member 7 are guided through a 
common optical system consisting of the condenser optical 
system 8 and the imaging optical system 10, to the first 
illumination region IR1 and to the second illumination 
region IR2, respectively. It is, however, noted that the first 
light beams are separated from the second light beams 
through the common optical system (8, 10) and thereafter 
guided through the relay optical system 13 to the first 
illumination region IR1. 

0076 Since the illumination optical apparatus (1-14) of 
the first embodiment is arranged to split the beam at or near 
the illumination pupil as described above, it is able to guide 
the two types of beams immediately after the separation, 
through the common optical system (8, 10) to the two 
regions IR1, IR2 spaced from each other. As a result, it is 
able to individually illuminate the two regions IR1, IR2 
spaced from each other, while realizing the simple configu 
ration and compact form based on the common optical path. 
Therefore, the exposure apparatus of the first embodiment is 
able to effect exposure of a fine pattern at high throughput 
on the wafer W by the double exposure method, using the 
illumination optical apparatus for individually illuminating 
the two regions IR1, IR2 spaced from each other. 

0077. The first embodiment is arranged to change only 
the polarization state of the first light beams and maintain the 
polarization state of the second light beams, out of the first 
light beams and the second light beams separated through 
the beam splitting member 7, by virtue of the action of the 
polarization varying member 6 located in vicinity to the 
beam splitting member 7. As a result, the first illumination 
region IR1 and the second illumination region IR2 can be 
illuminated by the light beams in the mutually different 
polarization states, i.e., the two illumination regions IR1, 
IR2 can be individually illuminated under mutually different 



US 2007/0258077 A1 

illumination conditions about the polarization states, by 
virtue of the action of the polarization varying member 6. 

0078. The above-described first embodiment is arranged 
to set the polarization state of the circular light intensity 
distribution formed on the illumination pupil by the first 
light beams, in the X-directional linear polarization state and 
to set the polarization state of the circular light intensity 
distribution formed on the illumination pupil by the second 
light beams, in the Y-directional linear polarization state. 
However, without having to be limited to this, it is also 
possible, for example as shown in FIG. 6, to set the 
polarization state of the circular light intensity distribution 
formed on the illumination pupil by the first light beams or 
by the second light beams, in a circumferential polarization 
state. In the circumferential polarization state, as indicated 
by two-headed arrows in the drawing, the polarization state 
of light passing through the circular light intensity distribu 
tion formed on the illumination pupil is set in a linear 
polarization state of vibration in the circumferential direc 
tion. In general, it is feasible to implement various forms as 
to the polarization state of the light intensity distribution 
formed on the illumination pupil by the first light beams or 
by the second light beams, by changing the number of types 
of optical rotation members forming the polarization varying 
member 6, the optical rotation characteristics of the respec 
tive types of optical rotation members, the arrangement of 
the types of optical rotation members, the polarization state 
of the light incident to the polarization varying member 6, 
and so on. 

0079. In the above-described first embodiment, the first 
light beams and the second light beams form the circular 
light intensity distributions on the illumination pupil. How 
ever, without having to be limited to this, it is also feasible 
to implement various forms as to the contour shapes of the 
light intensity distributions formed on the illumination pupil 
by the first light beams and by the second light beams, by 
changing the arrangement of the first folding members 7a 
and the second folding members 7b constituting the beam 
splitting member 7, the sectional shape of the beams incident 
to the beam splitting member 7, and so on. The below will 
describe as an example, a modification of the beam splitting 
member by which the first light beams form an annular light 
intensity distribution on the illumination pupil and by which 
the second light beams form a circular light intensity dis 
tribution on the illumination pupil. 
0080 FIG. 7 is a drawing schematically showing a con 
figuration of a beam splitting member according to the 
modification example of the first embodiment. In the beam 
splitting member 7 shown in FIG. 7, the first folding 
members 7a indicated by rectangular hatching regions are 
arranged to fold rays incident along the Y-direction, into the 
obliquely upward direction in FIG. 1, and the second folding 
members 7b indicated by rectangular outline regions are 
arranged to fold rays incident along the Y-direction, into the 
obliquely downward direction in FIG. 1. In FIG. 7, a large 
circle indicated by a dashed line represents a cross section of 
the beams incident from the fly’s eye lens 5 into the 
polarization varying member 6, and a small circle indicated 
by a dashed line is concentric with the large circle. 

0081. In the modification example shown in FIG. 7, the 
second folding members 7b are intensively arranged in the 
central part of the beam splitting member 7 so as to 
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correspond to the small circle indicated by the dashed line, 
and the first folding members 7a are arranged so as to 
surround this group of second folding members 7b. There 
fore, in the case where the beams having the circular cross 
section are incident from the fly’s eye lens 5 through the 
polarization varying member 6 into the beam splitting 
member 7, the first light beams folded into the obliquely 
upward direction in FIG. 1 through the first folding members 
7a form an annular light intensity distribution as Schemati 
cally shown in FIG. 8(a), at the position of the pupil of the 
relay optical system 13 or at the position of the illumination 
pupil near it. On the other hand, the second light beams 
folded into the obliquely downward direction in FIG. 1 
through the second folding members 7b form a circular light 
intensity distribution as schematically shown in FIG. 8(b), at 
the position of the pupil of the imaging optical system 10 or 
at the position of the illumination pupil near it. 
0082 Rectangular regions 21 a hatched in FIG. 8(a) are 
light regions corresponding to the beams having passed 
through the first folding members 7a, and rectangular 
regions 21b hatched in FIG. 8(b) are light regions corre 
sponding to the beams having passed through the second 
folding members 7b. In FIG. 8(a) and (b), the large circle 
indicated by a dashed line corresponds to the cross section 
of the beams incident from the fly’s eye lens 5 into the beam 
splitting member 7. In the modification example shown in 
FIG. 7, as arranged in this manner, the first light beams 
forming the annular light intensity distribution on the pupil 
of the relay optical system 13 or on the illumination pupil 
near it annularly illuminate the first illumination region IR1 
on the first mask M1. The second light beams forming the 
circular light intensity distribution on the pupil of the 
imaging optical system 10 or on the illumination pupil near 
it circularly illuminate the second illumination region IR2 on 
the second mask M2. 

0083. In the modification example shown in FIG. 7, as 
described above, it is feasible to implement various forms as 
to the polarization state of the light intensity distribution 
formed on the illumination pupil by the first light beams or 
by the second light beams, by changing the number of types 
of optical rotation members forming the polarization varying 
member 6, the optical rotation characteristics of the respec 
tive types of optical rotation members, the arrangement of 
the types of optical rotation members, the polarization state 
of the light incident to the polarization varying member 6, 
and so on. Specifically, as shown in FIG. 9(a), the polar 
ization state of the annular light intensity distribution formed 
on the illumination pupil by the first light beams can be set, 
for example, in the circumferential polarization state. Fur 
thermore, the polarization state of the circular light intensity 
distribution formed on the illumination pupil by the second 
light beams can be set, for example, in the Z-directional 
linear polarization state (or in the X-directional linear polar 
ization state, in an unpolarized State, or the like), as shown 
in FIG. 9(b). 
0084. In the above-described first embodiment, the first 
light beams form the first illumination region IR1 on the first 
mask M1, while the second light beams form the second 
illumination region IR2 on the second mask M2. However, 
without having to be limited to this, it is also possible to 
adopt a modification example of the exposure apparatus in 
which the first illumination region IR1 formed by the first 
light beams and the second illumination region IR2 formed 
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by the second light beam are arranged in parallel on a 
common mask. FIG. 10 is a drawing schematically showing 
a configuration of an exposure apparatus according to a 
modification example of the first embodiment. 
0085. The exposure apparatus according to the modifi 
cation example of FIG. 10 has a configuration similar to the 
exposure apparatus of the embodiment shown in FIG. 1. In 
fact, the configuration from the light Source 1 to the imaging 
optical system 10 in the modification example of FIG. 10 is 
exactly the same as in the embodiment of FIG. 1. However, 
the modification example of FIG. 10 is basically different 
from the embodiment of FIG. 1 in that a path-folding 
reflector 15 for reflecting the first light beams and the second 
light beams having passed through the imaging optical 
system 10, toward the common mask M is provided imme 
diately after the imaging optical system 10 and in that, for 
example, an ordinary refracting optical system is used as the 
projection optical system PL. The modification example of 
FIG. 10 will be described below with focus on the differ 
ences from the embodiment of FIG. 1. 

0086). In the modification example of FIG. 10, the first 
light beams separated through the beam splitting member 7 
form, for example, a circular light intensity distribution at 
the position of the pupil of the imaging optical system 10 or 
at the position of the illumination pupil near it, and then 
travel via the path-folding reflector 15 to form a rectangular 
illumination region IR1 elongated along the X-direction on 
the common mask M, as shown in FIG.11(a). On the other 
hand, the second light beams separated through the beam 
splitting member 7 form, for example, a circular light 
intensity distribution at the position of the pupil of the 
imaging optical system 10 or at the position of the illumi 
nation pupil near it, and then travel via the path-folding 
reflector 15 to form a rectangular illumination region IR2 
elongated along the X-direction on the common mask M, as 
shown in FIG. 11(b). Namely, in the modification example 
of FIG. 10, the first illumination region IR1 is formed so as 
to cover a portion of a first pattern region PA1 of the 
common mask M and the second illumination region IR2 is 
formed so as to cover a portion of a second pattern region 
PA2 next along the Y-direction to the first pattern region 
PA1. 

0087. In this manner, in the modification example of FIG. 
10, as in the case of the embodiment of FIG. 1, the first 
pattern image illuminated by the first illumination region 
IR1 is also formed in the rectangular first region ER1 
elongated along the X-direction in the effective imaging 
region ER of the projection optical system PL and the 
second pattern image illuminated by the second illumination 
region IR2 is formed in the second region ER2 having the 
rectangular contour shape elongated similarly along the 
X-direction in the effective imaging region ER, and located 
in parallel in the Y-direction to the first region ER1, as 
shown in FIG. 5(c). The modification example of FIG. 10 
achieves the maximum common optical path for guiding the 
two types of beams immediately after the separation by the 
beam splitting member 7 and thus can implement the 
simpler configuration and more compact form than the 
embodiment of FIG. 1. 

0088 FIG. 12 is a drawing schematically showing a 
configuration of an exposure apparatus according to the 
second embodiment of the present invention. The exposure 
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apparatus according to the second embodiment has a con 
figuration similar to the exposure apparatus of the embodi 
ment of FIG. 1. However, the second embodiment is differ 
ent in the arrangement and configuration of the polarization 
varying member and in the arrangement and configuration of 
the beam splitting member from the embodiment of FIG. 1. 
The second embodiment will be described below with focus 
on the differences from the embodiment of FIG. 1. In the 
exposure apparatus of the second embodiment, the polar 
ization varying member 16 and beam splitting member 17 
are arranged in proximity to each other, at the position of the 
pupil of the imaging optical system 10 or at the position of 
the illumination pupil near it. 

0089 FIG. 13 is a drawing of the beam splitting member 
viewed along the optical axis from the exit side of the 
imaging optical system in the second embodiment. FIG. 14 
is a partial sectional view along line XIVa-XIVa and a partial 
sectional view along lines XIVb-XIVb. With reference to 
FIGS. 13 and 14, the beam splitting member 17 is composed 
of two folding members 17a and two folding members 17b. 
Specifically, the folding members 17a, 17b have forms of 
folding prisms, for example, made of quartZ, as the folding 
members 7a, 7b in the embodiment of FIG. 1 did. However, 
the folding members 17a, 17b have a fan-shaped contour 
shape obtained by quartering a circle centered on the optical 
axis AX by two line segments passing the optical axis AX. 

0090 The first folding members 17a indicated by fan 
shaped hatching regions in FIG. 13 are configured to fold 
rays incident along the Y-direction into the obliquely upward 
direction in the drawing, as shown in FIG. 14(a). On the 
other hand, the second folding members 17b indicated by 
fan-shaped outline regions in FIG. 13 are configured to fold 
rays incident along the Y-direction into the obliquely down 
ward direction in the drawing, as shown in FIG. 14(b). The 
pair of first folding members 17a and the pair of second 
folding members 17b each are arranged so as to be opposed 
to each other with the optical axis AX in between. 
0091. The polarization varying member 16 is composed 
of two optical rotation members 16a and two optical rotation 
members 16b. The optical rotation members 16a, 16b have 
forms of plane-parallel plates made of rock crystal being an 
optical material with an optical rotatory power, as the optical 
rotation members 6a, 6b in the embodiment of FIG. 1 did, 
and the crystallographic axis thereof is set along the Y-di 
rection. However, the optical rotation members 16a, 16b 
have a fan-shaped contour shape obtained by quartering a 
circle centered on the optical axis AX, by two line segments 
passing the optical axis AX, as the folding members 17a, 
17b did. 

0092 Specifically, the first optical rotation members 16a 
indicated by fan-shaped hatching regions in FIG. 13 are 
arranged corresponding to the first folding members 17a as 
shown in FIG. 14(a), and the thickness thereof is so set that 
when linearly polarized light having the polarization direc 
tion along the Z-direction is incident thereto, they output 
linearly polarized light having the polarization direction 
along a direction resulting from +90° rotation of the Z-di 
rection around the Y-axis, i.e., along the X-direction. On the 
other hand, the second optical rotation members 16b indi 
cated by fan-shaped outline regions in FIG. 13 are arranged 
corresponding to the second folding members 17b as shown 
in FIG. 14(b), and the thickness thereof is so set that when 
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linearly polarized light having the polarization direction 
along the Z-direction is incident thereto, they output linearly 
polarized light having the polarization direction along a 
direction resulting from +180° rotation of the Z-direction 
around the Y-axis, i.e., along the Z-direction. In other words, 
the first optical rotation members 16a have a function of 
converting incident vertically polarized light into horizon 
tally polarized light, and the second optical rotation mem 
bers 16b have a function of transmitting incident linearly 
polarized light without any change in its polarization state. 

0093. The following will explain an illustrative case in 
which quadrupolar light consisting of four beams of an 
elliptical cross section as indicated by dashed lines in FIG. 
13 are incident in the Z-directional linear polarization state 
having the polarization direction along the Z-direction, to 
the polarization varying member 16, by virtue of the actions 
of the polarization state varying part 3 and the beam shape 
varying part 4. In this case, the first light beams after 
converted into the X-directional linear polarization state 
through the first optical rotation members 16a and folded 
into the obliquely upward direction in FIG. 12 through the 
first folding members 17a form a light intensity distribution 
of a Z-directionally dipolar shape consisting of two upper 
and lower beams 22a of an elliptical cross section as shown 
in FIG. 15(a), at the position of the exit surface of the beam 
splitting member 17, i.e., at the position of the illumination 
pupil. 

0094. On the other hand, the second light beams after 
maintained in the Z-directional linear polarization state 
through the second optical rotation members 16b and folded 
into the obliquely downward direction in FIG. 12 through 
the second folding members 17b form a light intensity 
distribution of an X-directionally dipolarshape consisting of 
two left and right beams 22b of an elliptical cross section as 
shown in FIG. 15(b), at the position of the exit surface of the 
beam splitting member 17, i.e., at the position of the 
illumination pupil. In FIG. 15(a) and (b), two-headed arrows 
indicate the polarization directions of light, and a circle and 
two line segments indicated by dashed lines correspond to 
the contours of the folding members 17a and 17b. 
0.095 The first light beams forming the light intensity 
distribution of the Z-directionally dipolar shape on the pupil 
of the imaging optical system 10 or on the illumination pupil 
near it form the illumination region IR1 of the rectangular 
shape elongated along the X-direction on the first mask M1, 
as shown in FIG. 5(a). The second light beams forming the 
light intensity distribution of the X-directionally dipolar 
shape on the pupil of the imaging optical system 10 or on the 
illumination pupil near it form the illumination region IR2 of 
the rectangular shape elongated along the X-direction on the 
second mask M2, as shown in FIG. 5(b). Namely, in the 
pattern region PA1 of the first mask M1, a pattern corre 
sponding to the first illumination region IR1 is dipolarly 
illuminated by the light in the X-directional linear polariza 
tion state. In the pattern region PA2 of the second mask M2, 
a pattern corresponding to the second illumination region 
IR2 is dipolarly illuminated by the light in the Y-directional 
linear polarization state. 

0096. In the exposure apparatus of the second embodi 
ment of FIG. 12, as described above, while the first mask 
M1, the second mask M2, and the wafer W are synchro 
nously moved along the Y-direction relative to the projection 
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optical system PL, double scanning exposure of the pattern 
of the first mask M1 and the pattern of the second mask M2 
is also implemented in one shot area on the wafer W to form 
a synthetic pattern, as in the embodiment of FIG.1. Then the 
above-described double Scanning exposure is repeated with 
two-dimensional step movement of the wafer W along the 
XY plane relative to the projection optical system PL, 
synthetic patterns of the pattern of the first mask M1 and the 
pattern of the second mask M2 are sequentially formed in 
respective shot areas on the wafer W. 
0097. In the above-described second embodiment, the 
polarization state of the light intensity distribution of the 
Z-directionally dipolar shape formed on the illumination 
pupil by the first light beams is set in the X-directional linear 
polarization state, and the polarization state of the light 
intensity distribution of the X-directionally dipolar shape 
formed on the illumination pupil by the second light beams 
is set in the Z-directional linear polarization state. However, 
without having to be limited to this, it is also feasible to 
implement various forms as to the polarization state of the 
light intensity distribution formed on the illumination pupil 
by the first light beams or by the second light beams, by 
changing the number of types of the optical rotation mem 
bers constituting the polarization varying member 16, the 
optical rotation characteristics of the respective types of 
optical rotation members, the arrangement of the types of 
optical rotation members, the polarization state of the light 
incident to the polarization varying member 16, and so on. 
Particularly, in order to make variable the polarized illumi 
nation state being one of the illumination conditions for the 
respective first illumination region IR1 and second illumi 
nation region IR2, the polarization varying member 16 is 
preferably arranged to be replaceable with another polariza 
tion varying member for implementing a different polarized 
illumination state for each of the illumination regions (IR1, 
IR2), by a replacing device such as a turret. 
0098. In the above-described second embodiment, the 

first light beams and the second light beams form the light 
intensity distributions of the dipolar shape on the illumina 
tion pupil. However, without having to be limited to this, it 
is feasible to implement various forms as to the contour 
shape of the light intensity distributions formed on the 
illumination pupil by the first light beams and the second 
light beams, by changing the shape and arrangement of the 
first folding members 17a and the second folding members 
17b constituting the beam splitting member 17, the sectional 
shape of the beams incident to the beam splitting member 
17, and so on. When the light intensity distributions (illu 
mination shape or the like) formed on the illumination pupil 
by the first light beams and by the second light beams are 
changed in order to make variable the illumination condi 
tions in the first illumination region IR1 and in the second 
illumination region IR2, the beam splitting member 17 is 
preferably arranged to be replaceable with another beam 
splitting member for implementing a different illumination 
condition state for each of the illumination regions (IR1, 
IR2), by a replacing device such as a turret. 
0099. In the foregoing second embodiment, the beam 
splitting member 17 is composed of the two types of folding 
members 17a and 17b. However, without having to be 
limited to this, the same operational effect as in the afore 
mentioned second embodiment can also be achieved, for 
example, by use of a beam splitting member 17 substantially 
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comprised of a pair of fan-shaped first folding members 17a 
and a polarization varying member 16' comprised of a pair 
of fan-shaped first optical rotation members 16a. 
0100 FIG. 16 is a drawing schematically showing a 
configuration of a beam splitting member and a polarization 
varying member according to a modification example of the 
second embodiment. In the beam splitting member 17' 
shown in FIG. 16, a pair of first folding members 17a 
indicated by fan-shaped hatching regions are arranged to 
fold rays incident along the Y-direction, into the obliquely 
upward direction in FIG. 12, and a pair of optically trans 
parent portions 17.c indicated by fan-shaped outline regions 
are arranged to transmit rays incident along the Y-direction, 
without folding. On the other hand, the polarization varying 
member 16' is comprised of a pair of fan-shaped first optical 
rotation members 16a arranged so as to correspond to the 
pair of first folding members 17a. 

0101. In the modification example of FIG. 16, the first 
light beams after converted from the Z-directional linear 
polarization state into the X-directional linear polarization 
state through the first optical rotation members 16a and 
folded into the obliquely upward direction in FIG. 12 
through the first folding members 17a form a light intensity 
distribution of a Z-directionally dipolar shape consisting of 
two upper and lower beams 22a having an elliptical cross 
section as shown in FIG. 15(a), at the position of the exit 
surface of the beam splitting member 17', i.e., at the position 
of the illumination pupil. On the other hand, the second light 
beams after having traveled Straight through the optically 
transparent portions 17c while being maintained in the 
Z-directional linear polarization state form a light intensity 
distribution of an X-directionally dipolarshape consisting of 
two left and right beams 22b having an elliptical cross 
section as shown in FIG. 15(b), at the position of the exit 
surface of the beam splitting member 17', i.e., at the position 
of the illumination pupil. 

0102) In the modification example of FIG. 16, as 
arranged in this manner, the first light beams forming the 
light intensity distribution of the Z-directionally dipolar 
shape on the pupil of the imaging optical system 10 or on the 
illumination pupil near it, also form the illumination region 
IR1 of the rectangular shape elongated along the X-direction 
on the first mask M1, as shown in FIG. 5(a), as in the second 
embodiment. Furthermore, the second light beams forming 
the light intensity distribution of the X-directionally dipolar 
shape on the pupil of the imaging optical system 10 or on the 
illumination pupil near it, also form the illumination region 
IR2 of the rectangular shape elongated along the X-direction 
on the second mask M2, as shown in FIG. 5(b). 
0103) In the modification example of FIG. 16, the polar 
ization varying member 16' is composed of the pair of 
fan-shaped first optical rotation members 16a, but, without 
having to be limited to this, a pair of fan-shaped second 
optical rotation members 16b may also be additionally 
provided so as to correspond to the pair of fan-shaped 
optically transparent portions 17c. Furthermore, it is also 
feasible to implement various forms as to the polarization 
state of the light intensity distribution formed on the illu 
mination pupil by the first light beams or by the second light 
beams, by changing the number of types of optical rotation 
members constituting the polarization varying member 16'. 
the optical rotation characteristics of the respective types of 
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optical rotation members, the arrangement of the types of 
optical rotation members, the polarization state of the light 
incident to the polarization varying member 16', and so on. 

0104. In the above-described second embodiment, the 
first light beams form the first illumination region IR1 on the 
first mask M1 and the second light beams form the second 
illumination region IR2 on the second mask M2, as in the 
first embodiment. However, without having to be limited to 
this, it is also possible to adopt a modification example of the 
exposure apparatus in which the first illumination region IR1 
formed by the first light beams and the second illumination 
region IR2 formed by the second light beams are arranged 
in parallel on a common mask. FIG. 17 is a drawing 
schematically showing a configuration of an exposure appa 
ratus according to a modification example of the second 
embodiment. 

0105 The exposure apparatus according to the modifi 
cation example of FIG. 17 has a configuration similar to the 
exposure apparatus of the embodiment shown in FIG. 12. 
However, the modification example of FIG. 17 is basically 
different from the embodiment of FIG. 12 in that a path 
folding reflector 18 for reflecting the first light beams and the 
second light beams having passed through the imaging 
optical system 10, toward the common mask M is provided 
immediately after the imaging optical system 10 and in that, 
for example, an ordinary refracting optical system is used as 
the projection optical system PL. The modification example 
of FIG. 17 will be described below with focus on the 
differences from the embodiment of FIG. 12. 

0106. In the modification example of FIG. 17, the first 
light beams separated through the beam splitting member 17 
(17) form, for example, a light intensity distribution of a 
dipolar shape at the position of the pupil of the imaging 
optical system 10 or at the position of the illumination pupil 
near it, and then travel via the path-folding reflector 18 to 
form the illumination region IR1 of the rectangular shape 
elongated along the X-direction on the common mask M, as 
shown in FIG. 11(a). On the other hand, the second light 
beams separated through the beam splitting member 17 (17) 
form, for example, a light intensity distribution of a dipolar 
shape at the position of the pupil of the imaging optical 
system 10 or at the position of the illumination pupil near it, 
and then travel via the path-folding reflector 18 to form the 
illumination region IR2 of the rectangular shape elongated 
along the X-direction on the common mask M, as shown in 
FIG. 11(b). In this manner, the first illumination region IR1 
is also formed so as to cover a portion of the first pattern 
region PA1 of the common mask M and the second illumi 
nation region IR2 is also formed so as to cover a portion of 
the second pattern region PA2 next along the Y-direction to 
the first pattern region PA1 in the modification example of 
FIG. 17 as in the modification example of FIG. 10. 

0107 Incidentally, the embodiment shown in FIGS. 
12-16 is arranged to illuminate the first illumination region 
IR1 on the first mask M1 and the second illumination region 
IR2 on the second mask M2 under the predetermined 
illumination conditions different from each other, but it is 
also possible to vary the illumination conditions in the two 
illumination regions. FIG. 18 is a drawing showing a con 
figuration of a beam shape varying part 4 functioning as a 
varying means (varying member) for independently varying 
each of the illumination conditions in the first illumination 
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region IR1 and in the second illumination region IR2. As 
shown in FIG. 18, the beam shape varying part 4 has a 
diffractive optical element 41 and a power-varying optical 
system 42, and the diffractive optical element 41 is arranged 
to be replaceable with another diffractive optical element for 
implementing another illumination condition for each illu 
mination region (IR1, IR2), by a replacing device Such as a 
turret. 

0108. The diffractive optical element 41, for example as 
shown in FIG. 190a), has a first diffraction region 41A and 
a second diffraction region 41B. A light beam LB illumi 
nating the first diffraction region 41A is diffracted by this 
first diffraction region 41A to form a light intensity distri 
bution of a Z-directionally dipolar shape consisting of two 
upper and lower beams (LB1, LB2) having a fan-shaped 
cross section as shown in FIG. 190b), at the position of the 
exit surface of the beam splitting member 17, i.e., at the 
position of the illumination pupil. At this time, the light 
intensity distribution of the Z-directionally dipolar shape is 
converted into X-directionally linearly polarized light by the 
first optical rotation members 16a (cf. FIGS. 13 and 14) in 
the polarization varying member 16 as a polarization vary 
ing means, as shown in FIG. 190b). Then a pattern corre 
sponding to the first illumination region IR1 of the first mask 
M1 is dipolarly illuminated by the light in the X-directional 
linear polarization State (light having the fan-shaped cross 
section on the illumination pupil). 
0109) The light beam LB illuminating the second diffrac 
tion region 41B is diffracted by this second diffraction region 
41B to form a light intensity distribution of an X-direction 
ally dipolar shape consisting of two left and right beams 
(LB3, LB4) having a fan-shaped cross section as shown in 
FIG. 190c), at the position of the exit surface of the beam 
splitting member 17, i.e., at the position of the illumination 
pupil. At this time, the light intensity distribution of the 
X-directionally dipolar shape is converted into Z-direction 
ally linearly polarized light by the second optical rotation 
members 16b (cf. FIGS. 13 and 14) in the polarization 
varying member 16 as a polarization varying means, as 
shown in FIG. 190c). Then a pattern corresponding to the 
second illumination region IR2 of the second mask M2 is 
dipolarly illuminated by the light in the Y-directional linear 
polarization state (light having the fan-shaped cross section 
on the illumination pupil). 
0110 Here the change in the respective illumination 
conditions in the first illumination region IR1 and in the 
second illumination region IR2 is achieved by replacement 
of the diffractive optical element 41 shown in FIG. 18, or by 
the power-varying optical system 42. First, the diffractive 
optical element 41 is replaced with another diffractive 
optical element 141 for implementing different illumination 
conditions for the respective illumination regions (IR1, IR2) 
by the replacing device such as a turret. The diffractive 
optical element 141, for example as shown in FIG. 200a). 
has a first diffraction region 141A and a second diffraction 
region 141B. The light beam LB illuminating the first 
diffraction region 141A is diffracted by this first diffraction 
region 141A to form a light intensity distribution of a 
Z-directionally dipolar shape consisting of two upper and 
lower beams (LB11, LB12) having a circular cross section 
as shown in FIG.20(b), at the position of the exit surface of 
the beam splitting member 17, i.e., at the position of the 
illumination pupil. 
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0111. At this time, the light intensity distribution of the 
Z-directionally dipolar shape is converted into X-direction 
ally linearly polarized light by the first optical rotation 
members 16a (cf. FIGS. 13 and 14) in the polarization 
varying member 16, as shown in FIG. 200b). Then a pattern 
corresponding to the first illumination region IR1 of the first 
mask M1 is dipolarly illuminated by the light in the X-di 
rectional linear polarization state (light having the circular 
cross section on the illumination pupil). In this case, since 
the sectional shape of light on the illumination pupil in the 
dipolar illumination is different from that in the case where 
the diffractive optical element 41 is disposed in the optical 
path, the pattern corresponding to the first illumination 
region IR1 of the first mask M1 is illuminated under a 
different illumination condition. 

0112 Furthermore, the light beam LB illuminating the 
second diffraction region 141B of the diffractive optical 
element 141 is diffracted by this second diffraction region 
141B to form a light intensity distribution of an X-direc 
tionally dipolar shape consisting of two left and right beams 
(LB13, LB14) having a circular cross section as shown in 
FIG. 200c), at the position of the exit surface of the beam 
splitting member 17, i.e., at the position of the illumination 
pupil. At this time, the light intensity distribution of the 
X-directionally dipolar shape is converted into Z-direction 
ally linearly polarized light by the second optical rotation 
members 16b (cf. FIGS. 13 and 14) in the polarization 
varying member 16, as shown in FIG.20(c). Then a pattern 
corresponding to the second illumination region IR2 of the 
second mask M2 is dipolarly illuminated by the light in the 
Y-directional linear polarization state (light having the cir 
cular cross section on the illumination pupil). In this case, 
since the sectional shape of light on the illumination pupil in 
the dipolar illumination is different from that in the case 
where the diffractive optical element 41 is disposed in the 
optical path, the pattern corresponding to the second illu 
mination region IR2 of the second mask M2 is illuminated 
under a different illumination condition. 

0113. Next, the change in the illumination conditions by 
the power-varying optical system 42 can be implemented by 
moving a plurality of movable lenses forming the power 
varying optical system 42, along the optical axis AX. 
Namely, the change in the illumination conditions in the first 
illumination region IR1 and in the second illumination 
region IR2 can be implemented by moving the plurality of 
lenses along the optical axis AX to enlarge or reduce the 
light intensity distributions formed on the illumination pupil 
as shown in FIG. 19 and FIG. 20. 

0114. It is needless to mention that the configurations of 
FIGS. 18-20 are applicable without modification to the 
embodiment shown in FIG. 17. It is also a matter of course 
that the embodiments shown above in FIGS. 1-11 may be 
arranged to effect the replacement of the diffractive optical 
element 41 in the beam shape varying part 4 and/or the 
power variation of the power-varying optical system 42, as 
shown in FIG. 18, for implementing the change in the 
illumination conditions. The embodiment shown in FIGS. 1 
to 6 can be configured so that the diffractive optical element 
41 for forming the desired light intensity distributions on the 
illumination pupil is replaceable for the change in the 
illumination conditions. 

0115 The embodiment shown in FIGS. 7-9 illustrates the 
example in which the diffractive optical element for forming 



US 2007/0258077 A1 

the circular beams for achievement of circular illumination 
is located in the beam shape varying part 4, but a diffractive 
optical element having a first diffraction region for forming 
an annular beam for achievement of desired annular illumi 
nation, and a second diffraction region for forming a circular 
beam for achievement of circular illumination may be used 
as a diffractive optical element to be located in the beam 
shape varying part 4, as shown in FIGS. 19 and 20. This can 
achieve the change in the illumination conditions in the first 
illumination region IR1 and in the second illumination 
region IR2. 

0116 Incidentally, the modification example of the 
embodiment shown in FIGS. 18-20 can also be configured 
as shown in FIGS. 21 and 22. In this case, the polarization 
varying member 16 in each embodiment shown in FIGS. 
12-16 is preferably configured simply as an optically trans 
parent member. In FIG. 21, a polarization varying member 
43 is located on the entrance side of the diffractive optical 
element 41 in FIG. 18, and this polarization varying member 
43 is comprised of a polarizing element oran optical rotation 
element. 

0117 Here the polarization varying member 43, as shown 
in FIG. 22(a), has a first polarization varying region 43A 
corresponding to the first diffraction region 41A of the 
diffractive optical element 41, and a second polarization 
varying region 43B corresponding to the second diffraction 
region 41B of the diffractive optical element 41. The light 
beam LB illuminating the first polarization varying region 
43A is converted into linearly polarized light in an X-direc 
tionally polarized State by polarizing action in this first 
polarization varying region 43A. Thereafter, this linearly 
polarized light is diffracted by the first diffraction region 41A 
to form a light intensity distribution of a Z-directionally 
dipolar shape consisting of two upper and lower beams 
(LB1, LB2) having a fan-shaped cross section as shown in 
FIG. 22(b), at the position of the exit surface of the beam 
splitting member 17, i.e., at the position of the illumination 
pupil. Then a pattern corresponding to the first illumination 
region IR1 of the first mask M1 is dipolarly illuminated by 
the light in the X-directional linear polarization state (light 
having the fan-shaped cross section on the illumination 
pupil). 

0118. Furthermore, the light beam LB illuminating the 
second polarization varying region 43B is converted into 
linearly polarized light in a Z-directionally polarized state by 
polarizing action in this second polarization varying region 
43B. Thereafter, this linearly polarized light is diffracted by 
the second diffraction region 41B to form a light intensity 
distribution of an X-directionally dipolarshape consisting of 
two left and right beams (LB3, LB4) having a fan-shaped 
cross section as shown in FIG. 22(c), at the position of the 
exit surface of the beam splitting member 17, i.e., at the 
position of the illumination pupil. Then a pattern corre 
sponding to the second illumination region IR2 of the 
second mask M2 is dipolarly illuminated by the light in the 
Y-directional linear polarization state (light having the fan 
shaped cross section on the illumination pupil). 

0119) The modification example shown in FIGS. 21 and 
22 illustrates the example in which the polarization varying 
member 43 is located on the entrance side of the diffractive 
optical element 41, but it is also possible to locate the 
polarization varying member 43 on the exit side of the 
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diffractive optical element 41. It is also possible to make the 
first diffraction region and the second diffraction region of 
the diffractive optical element 41 of an optical rotation 
material Such as rock crystal and in their respective prede 
termined thicknesses and to make the diffractive optical 
element 41 also function as the polarization varying member 
43. 

0.120. In each of the above-described embodiments and 
modification examples, the polarization varying member is 
composed of the optical rotation member, but, without 
having to be limited to this, the polarization varying member 
can also be composed, for example, of a wave plate. In 
addition, in each of the foregoing embodiments and modi 
fication examples, the polarization varying member is 
located immediately before the beam splitting member, but, 
without having to be limited to this, it is also possible to 
adopt a variety of forms as to the arrangement of the 
polarization varying member and the beam splitting mem 
ber. 

0.121. In each of the embodiments shown in FIGS. 18-22, 
in order to make variable the polarized illumination states 
being one of the illumination conditions for each of the first 
illumination region IR1 and the second illumination region 
IR2, the polarization varying member 16 is preferably 
arranged to be replaceable with another polarization varying 
member for implementing a different polarized illumination 
state for each of the illumination regions (IR1, IR2), by a 
replacing device such as a turret. When the light intensity 
distributions (illumination shape or the like) formed on the 
illumination pupil by the first light beams and by the second 
light beams are changed in order to vary the illumination 
conditions in the first illumination region IR1 and in the 
second illumination region IR2, the beam splitting member 
17 is preferably arranged to be replaceable with another 
beam splitting member for implementing a different illumi 
nation condition State for each of the illumination regions 
(IR1, IR2), by a replacing device such as a turret. 
0.122 Each of the foregoing embodiments and modifica 
tion examples describes the embodiment in association with 
the double exposure to form a synthetic pattern by double 
printing of two types of patterns in one shot area on the 
photosensitive substrate (wafer). However, without having 
to be limited to this, the foregoing embodiments and modi 
fication examples are also applicable similarly to multiple 
exposure to form a synthetic pattern by multiple printing of 
three or more types of patterns in one shot area on the 
photosensitive Substrate. 

0123. In each of the foregoing embodiments and modi 
fication examples, a synthetic pattern is formed in one shot 
area on the photosensitive Substrate by double scanning 
exposure of the first pattern and the second pattern. How 
ever, without having to be limited to this, it is also possible 
to implement the following exposure: Scanning exposure or 
full-field exposure of the first pattern is effected in a first shot 
area on the photosensitive Substrate, and Scanning exposure 
or full-field exposure of the second pattern is effected in a 
second shot area on the photosensitive Substrate. 
0.124. In each of the foregoing embodiments and modi 
fication examples, the pattern image of the first illumination 
region of the first mask and the pattern image of the second 
illumination region of the second mask are formed in 
parallel on the photosensitive substrate. However, without 
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having to be limited to this, a synthetic pattern can also be 
formed in one shot area on the photosensitive substrate by 
double scanning exposure or full-field exposure of the first 
pattern and the second pattern, using the projection optical 
system for forming the pattern image of the first illumination 
region of the first mask and the pattern image of the second 
illumination region of the second mask in accord with each 
other on the photosensitive substrate. 
0125. In the embodiment of FIG. 1 and the embodiment 
of FIG. 12, one projection optical system is used to effect 
exposure of the patterns on the two masks on one photo 
sensitive substrate. However, without having to be limited to 
this, it is also possible to effect exposure of the mask patterns 
on corresponding photosensitive Substrates, using a pair of 
(generally, a plurality of) projection optical systems. 

0126 The embodiment of FIG. 1 and the embodiment of 
FIG. 12 use the double-headed projection optical system 
consisting of refracting systems and folding mirrors. How 
ever, without having to be limited to this, it is also possible, 
for example, to use a double-headed projection optical 
system PL of another type consisting of refracting systems 
and folding mirrors as shown in FIG. 23, or a catadioptric 
and double-headed projection optical system PL as shown in 
FIG. 24. It is also possible to use a double-headed projection 
optical system PL using a beam splitter as shown in FIG. 25. 
as a projection optical system for forming the pattern image 
of the first mask and the pattern image of the second mask 
in accord with each other on the photosensitive substrate. 
0127. In each of the above embodiments, all the optical 
systems located on the optical path from the light Source to 
the beam splitting member are the common optical systems, 
and the optical systems (condenser optical system and 
imaging optical system) located on the optical path from the 
beam splitting member to the surfaces to be illuminated (first 
and second illumination regions) can be constructed as 
common optical systems at least in part. Furthermore, it is 
also possible to guide the beams separated by the beam 
splitting member, to the respective surfaces to be illuminated 
(first and second illumination regions), by respective inde 
pendent optical systems. 

0128. The exposure apparatus of the foregoing embodi 
ments can be used to manufacture micro devices (semicon 
ductor devices, image pickup devices, liquid-crystal display 
devices, thin-film magnetic heads, etc.) by illuminating 
masks (reticles) by the illumination optical apparatus (illu 
mination step) and projecting patterns to be transferred, 
formed in the masks, onto a photosensitive Substrate through 
the projection optical system to effect exposure thereof 
(exposure step). An example of a technique of manufactur 
ing semiconductor devices as micro devices by forming a 
predetermined circuit pattern in the wafer or the like as a 
photosensitive substrate by means of the exposure apparatus 
of the present embodiment will be described below with 
reference to the flowchart of FIG. 26. 

0129. The first step 301 in FIG. 26 is to deposit a metal 
film on each wafer in one lot. The next step 302 is to apply 
a photoresist onto the metal film on each wafer in the lot. 
The subsequent step 303 is to sequentially transfer images of 
patterns on masks into each shot area on each wafer in the 
lot through the projection optical system, using the exposure 
apparatus of the foregoing embodiments. The Subsequent 
step 304 is to perform development of the photoresist on 
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each wafer in the lot and the subsequent step 305 is to 
perform etching on each wafer in the lot, using the resist 
pattern as a mask, and thereby to form a circuit pattern 
corresponding to the patterns on the masks, in each shot area 
on each wafer. 

0.130. Subsequent steps include formation of circuit pat 
terns in upper layers, and others, thereby manufacturing 
devices such as semiconductor devices. The above-de 
scribed semiconductor device manufacturing method per 
mits us to obtain semiconductor devices with extremely fine 
circuit patterns at high throughput. The steps 301 to 305 
were arranged to perform the steps of depositing the metal 
on the wafer, applying the resist onto the metal film, and 
performing each of the steps of exposure, development, and 
etching, but it is needless to mention that, prior to these 
steps, the method may include a process of first forming an 
oxide film of silicon on the wafer, then applying a resist onto 
the oxide film of silicon, and performing each of steps such 
as exposure, development, and etching. 
0131 The exposure apparatus of the embodiments can 
also be used to manufacture a liquid-crystal display device 
as a micro device by forming predetermined patterns (circuit 
pattern, electrode pattern, etc.) on plates (glass Substrates). 
An example of a technique in this case will be described 
with reference to the flowchart of FIG. 27. In FIG. 27, a 
pattern forming step 401 is to execute a so-called photoli 
thography step to transfer patterns of masks onto a photo 
sensitive Substrate (glass Substrate coated with a resist, or the 
like), using the exposure apparatus of the embodiments. This 
photolithography step results in forming the predetermined 
pattern including a number of electrodes and others on the 
photosensitive substrate. Thereafter, the exposed substrate is 
Subjected to each of steps such as development, etching, and 
resist removal, whereby a predetermined pattern is formed 
on the substrate. Thereafter, the process shifts to the next 
color filter forming step 402. 
0.132. The next color filter forming step 402 is to form a 
color filter in which a number of sets of three dots corre 
sponding to R (Red), G (Green), and B (Blue) are arrayed in 
a matrix pattern, or in which sets of three stripe filters of R, 
G, and B are arrayed as a plurality of lines arranged in the 
horizontal scan line direction. After completion of the color 
filter forming step 402, a cell assembly step 403 is carried 
out. The cell assembly step 403 is to assemble a liquid 
crystal panel (liquid crystal cell), using the Substrate with the 
predetermined pattern obtained in the pattern forming step 
401, the color filter obtained in the color filter forming step 
402, and so on. 
0133. In the cell assembly step 403, for example, a liquid 
crystal is poured into between the substrate with the prede 
termined pattern obtained in the pattern forming step 401 
and the color filter obtained in the color filter forming step 
402, to manufacture a liquid crystal panel (liquid crystal 
cell). The subsequent module assembly step 404 is to install 
each of components such as an electric circuit, a backlight, 
etc. for display operation of the assembled liquid crystal 
panel (liquid crystal cell) to complete the liquid-crystal 
display device. The above-described method of manufac 
turing the liquid-crystal display device permits us to obtain 
the liquid-crystal display device with an extremely fine 
circuit pattern at high throughput. 
0.134. The above-described embodiments used the Krf 
excimer laser light source or the ArF excimer laser light 
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Source as the light source, but, without having to be limited 
to them, the foregoing embodiments and modifications are 
also applicable to the exposure apparatus using any other 
appropriate light source, e.g., an Flaser light source. Each 
of the aforementioned embodiments was explained using the 
example of the illumination optical apparatus mounted on 
the exposure apparatus and arranged to illuminate the 
masks, but it is apparent that the above embodiments can be 
applied to the general illumination optical apparatus for 
illuminating Surfaces to be illuminated, except for the 
masks. 

0135 The invention is not limited to the foregoing 
embodiments but various changes and modifications of its 
components may be made without departing from the scope 
of the present invention. Also, the components disclosed in 
the embodiments may be assembled in any combination for 
embodying the present invention. For example, some of the 
components may be omitted from all components disclosed 
in the embodiments. Further, components in different 
embodiments may be appropriately combined. 

1. An illumination optical apparatus comprising: 
a beam splitting member located at a position of an 

illumination pupil or at a position near the illumination 
pupil, and arranged for splitting an incident beam into 
a first light beam and a second light beam to form a first 
illumination region and a second illumination region; 

a first light-guide optical system which is arranged in an 
optical path of the first light beam and which guides the 
first light beam to the first illumination region; and 

a second light-guide optical system which is arranged in 
an optical path of the second light beam and which 
guides the second light beam to the second illumination 
region located apart from the first illumination region. 

2. An illumination optical apparatus according to claim 1, 
comprising a polarization varying member which is arrange 
able in an optical path of the illumination optical apparatus 
and which varies a polarization state of at least one of the 
first light beam and the second light beam. 

3. An illumination optical apparatus according to claim 2, 
wherein the polarization varying member is located near the 
beam splitting member. 

4. An illumination optical apparatus according to claim 1, 
wherein the first light-guide optical system and the second 
light-guide optical system include a common optical system 
which is arranged in an exiting light path of the beam 
splitting member and which guides the first light beam and 
the second light beam immediately after passage through the 
beam splitting member. 

5. An illumination optical apparatus according to claim 4. 
wherein the first light-guide optical system includes a relay 
optical system which is arranged in an optical path of the 
first light beam and which guides the first light beam 
separated through the common optical system, to the first 
illumination region. 

6. An illumination optical apparatus according to claim 2, 
comprising an optical integrator of a wavefront splitting 
type, 

wherein the beam splitting member is located near an exit 
Surface of the optical integrator. 

7. An illumination optical apparatus according to claim 6. 
wherein the beam splitting member includes a plurality of 
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folding members located so as to correspond to respective 
wavefront splitting regions of the optical integrator. 

8. An illumination optical apparatus according to claim 6. 
wherein the polarization varying member includes a plural 
ity of optical rotation members located so as to correspond 
to respective wavefront splitting regions of the optical 
integrator. 

9. An illumination optical apparatus according to claim 2, 
comprising an optical integrator, and an imaging optical 
system located behind the optical integrator, 

wherein the beam splitting member is located at a position 
of a pupil of the imaging optical system or at a position 
near the pupil. 

10. An illumination optical apparatus according to claim 
9, wherein the beam splitting member includes a folding 
member which folds a portion of the incident beam to 
convert it into the first light beam traveling along a first 
direction, and a light transmitting portion for transmitting a 
portion of the incident beam without folding it. 

11. An illumination optical apparatus according to claim 
10, wherein the polarization varying member includes an 
optical rotation member provided corresponding to the fold 
ing member. 

12. An illumination optical apparatus according to claim 
9, wherein the beam splitting member includes a first folding 
member which folds a portion of the incident beam to 
convert it into the first light beam traveling along a first 
direction, and a second folding member which folds a 
portion of the incident beam to convert it into the second 
light beam traveling along a second direction. 

13. An illumination optical apparatus according to claim 
12, wherein the polarization varying member includes an 
optical rotation member provided corresponding to at least 
one of the first folding member and the second folding 
member. 

14. An illumination optical apparatus according to claim 
1, comprising a common optical system which guides light 
from a light source to the beam splitting member. 

15. An illumination optical apparatus according to claim 
14, wherein the common optical system includes a variator 
which includes an ability to vary a first illumination condi 
tion in the first illumination region and a second illumination 
condition in the second illumination region. 

16. An illumination optical apparatus comprising: 
a beam splitting member which is arranged in an optical 

path of an incident beam and which splits the incident 
beam into a first light beam and a second light beam to 
form a first illumination region and a second illumina 
tion region; 

a first light-guide optical system which is arranged in an 
optical path of the first light beam and which guides the 
first light beam to the first illumination region; 

a second light-guide optical system which is arranged in 
an optical path of the second light beam and which 
guides the second light beam to the second illumination 
region located apart from the first illumination region; 
and 

a common optical system which guides light from a light 
Source to the beam splitting member; 

wherein the common optical system includes a variator 
which includes an ability to vary a first illumination 
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condition in the first illumination region and a second 
illumination condition in the second illumination 
region. 

17. An illumination optical apparatus according to claim 
16, wherein a polarization variator which sets the first light 
beam in a desired polarization state in the first illumination 
region and which sets the second light beam in a desired 
polarization state in the second illumination region is located 
in an incident side optical path of the variator or in an optical 
path between the variator and the beam splitting member. 

18. An illumination optical apparatus comprising: 
a beam splitting member which is arranged in an optical 

path of an incident beam and which splits the incident 
beam into a first light beam and a second light beam to 
form a first illumination region and a second illumina 
tion region; 

a first light-guide optical system which is arranged in an 
optical path of the first light beam and which guides the 
first light beam to the first illumination region; 

a second light-guide optical system which is arranged in 
an optical path of the second light beam and which 
guides the second light beam to the second illumination 
region located apart from the first illumination region; 
and 

a setting member located in an incident side optical path 
of the beam splitting member and arranged for setting 
each of a first illumination condition in the first illu 
mination region and a second illumination condition in 
the second illumination region. 

19. An illumination optical apparatus according to claim 
18, wherein the first light-guide optical system and the 
second light-guide optical system include a common optical 
system which is arranged in an exit optical path of the beam 
splitting member and which guides the first light beam and 
the second light beam immediately after passage through the 
beam splitting member. 

20. An illumination optical apparatus according to claim 
18, wherein the setting member includes a varying member 
which includes an ability to vary each of the first illumina 
tion condition in the first illumination region and the second 
illumination condition in the second illumination region. 

21. An illumination optical apparatus according to claim 
18, wherein the setting member includes a polarization 
setting member which sets the first illumination region in a 
first polarized illumination state and which sets the second 
illumination region in a second polarized illumination state. 

22. An illumination optical apparatus according to claim 
18, wherein the setting member changes a light intensity 
distribution on an illumination pupil to change an illumina 
tion condition in the first illumination region and to change 
an illumination condition in the second illumination region. 

23. An illumination optical apparatus according to claim 
22, wherein the setting member includes a diffractive optical 
element which diffracts incident light to form a desired light 
intensity distribution on the illumination pupil, and a power 
varying optical system which varies the light intensity 
distribution on the illumination pupil. 

24. An illumination optical apparatus according to claim 
18, wherein the setting member includes a polarizing mem 
ber located on the light source side and in proximity of the 
beam splitting member. 
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25. An illumination optical apparatus according to claim 
18, wherein the beam splitting member is located at or near 
an illumination pupil. 

26. An exposure apparatus comprising the illumination 
optical apparatus as set forth in claim 1, the exposure 
apparatus being arranged to effect exposure of predeter 
mined patterns illuminated by the illumination optical appa 
ratus, on a photosensitive Substrate. 

27. An exposure apparatus according to claim 26, com 
prising a projection optical system for projecting a pattern 
image of a first mask illuminated by the first illumination 
region and a pattern image of a second mask illuminated by 
the second illumination region, onto the photosensitive 
substrate. 

28. A device manufacturing method comprising: exposing 
the predetermined patterns on the photosensitive substrate 
using the exposure apparatus as set forth in claim 26; and 

developing the photosensitive Substrate after the exposure 
step. 

29. An exposure apparatus comprising the illumination 
optical apparatus as set forth in claim 16, the exposure 
apparatus being arranged to effect exposure of predeter 
mined patterns illuminated by the illumination optical appa 
ratus, on a photosensitive Substrate. 

30. An exposure apparatus according to claim 29, com 
prising a projection optical system for projecting a pattern 
image of a first mask illuminated by the first illumination 
region and a pattern image of a second mask illuminated by 
the second illumination region, onto the photosensitive 
substrate. 

31. A device manufacturing method comprising: 

exposing the predetermined patterns on the photosensitive 
Substrate using the exposure apparatus as set forth in 
claim 29; and 

developing of the photosensitive substrate after the expo 
Sure step. 

32. An exposure apparatus comprising the illumination 
optical apparatus as set forth in claim 18, the exposure 
apparatus being arranged to effect exposure of predeter 
mined patterns illuminated by the illumination optical appa 
ratus, on a photosensitive Substrate. 

33. An exposure apparatus according to claim 32, com 
prising a projection optical system for projecting a pattern 
image of a first mask illuminated by the first illumination 
region and a pattern image of a second mask illuminated by 
the second illumination region, onto the photosensitive 
substrate. 

34. A device manufacturing method comprising: 

exposing the predetermined patterns on the photosensitive 
Substrate using the exposure apparatus as set forth in 
claim 32; and 

developing of the photosensitive substrate after the expo 
Sure step. 


